Raw and fried plantain chips obtained from the use and re-use of olive, refined palm olein and coconut oils were investigated for the proximate, mineral compositions, computed mineral ratios and the mineral safety index using standard analytical methods. For the selected oils (both use and re-use): first and second re-use and the fresh plantain chips (unprocessed plantain chips; UPC) had the following range results: proximate composition (%) (moisture: 8.20 -12.3, crude protein: 9.70 -8.60, fat: 7.40 -12.9, fibre: 3.50 -4.90, ash: 2.80 -3.80 and carbohydrates: 63.5 -64.8), % energy contributions ). The mineral composition (mg/100g) of the samples had the following greater than 80.0: Ca, Mg, K and P; Fe, Cu, Mn and Zn recorded values ranging between 1.00 and 4.00; Co, Se and Ni had their concentrations between 0.00 and 0.0363 whereas Pb and Cd recorded levels lower than 0.0006. In the mineral ratios, only K/(Ca + Mg) values fell within the acceptable ideal range. No MSI aberration was observed for the minerals from all the samples obtained from the various oils. The chi-square analysis showed that on parameter wise comparisons, there were no significant differences among the levels as treated based on the various oils except gross energy, Mg, K, P, Ca/P, Fe/Pb and K/Co. Also on pairwise comparison from linear correlation and regression, all these parameters were significantly different at r = 0.01 between the unprocessed and fried plantain samples: proximate, percentage energy distribution, mineral and mineral ratios. Generally, the first (day) frying showed fairly high nutrient concentration than the first and second re-use oils products. Therefore, for optimum nutrient preservation from fried plantain chips re-use of oil for
Introduction
According to FAO [1] , plantain (Musa parasidiaca L) is described as a tropical fruit forming a major staple food crop in Central and West Africa. In Nigeria, the annual production recorded about 2.11 million metric tons [1] . It is generally called "Ogede" in Yoruba language [2] , "Ayaba" in Hausa language [3] . Its consumption by the household in Nigeria entails different variation but the most preferred plantain varieties are the false horn type locally called "Agbagba" [4] . In the south-western part of Nigeria, plantains are eaten in various forms such as boiled, fried (in the forms of chips, "Dodo", etc.), roasted (Booli), pounded (after being cooked and may be eaten with any desired soup) and dried powdered (usually called "Elubo ogede" employed in the preparation of "Amala"). All these forms involved various degrees of ripening. Loss of vitamins and other nutrients has been reported as a result of cooking or processing techniques [5] . Steaming, boiling, roasting and frying are the most commonly used processing methods [3] .
Various authors have reported the use of vegetable oils in the processing of plantain into chips; oils such as palm, refined palm olein, soya oil, olive oil [3] , canola and soya oil [6] . The attributes (nutrients composition, taste, etc.) of the finished (fried) products are usually affected by the type of oil, oil temperature and time (length) of frying [6] . According to Mba et al. [7] , the ability of fried foods to trap and uptake oils may result from low oil temperature. It has also been observed that cooking of food could result in the improvement of sensory qualities, antioxidant destruction of toxins and plant secondary metabolites, digestibility and nutrient (minerals) bioavailability, although during this process, loss of some micronutrients (vitamins and minerals) has been reported [3] [8] [9] .
Adeyeye et al. [3] observed the reduction in the levels of antioxidant activities of plantain chips obtained from use and reuse of selected vegetable oils. This observation attests to the fact that re-use of oils has undesirable effects on fried products which in turn may pose threats to consumer's health. Moreover, plantain chips have become a delicacy and ready to eat snacks among the populace and nutrient indices cannot be ascertained due to the various processes and oil engaged in the process by the consumers. In view of the favourable disposition of the people towards the consumption of plantain chips and their health, this work was initiated to evaluate the effects of repeated use of selected vegetable oils on the proximate composition, minerals and mineral safety index of plantain chips.
Materials and Methods

Sample Collection and Treatments
A bunch of fresh matured unripe plantain used for this research was purchased from Iworoko market and properly certified in the Plant Science and Biotechnology laboratory of the Ekiti State University, Ado-Ekiti. The vegetable oils (refined palm olein, olive and coconut oil) used for the frying were purchased from reputable dealers in Ado-Ekiti, Ekiti State.
The plantain chips and its flours were prepared following the method described by Adeyeye et al. [3] .
Proximate Composition Analysis
The micro-Kjeldahl method [10] was followed to determine the crude protein.
The crude fat was extracted with chloroform/methanol (2:1 v/v) mixture using Soxhlet extraction apparatus. Moisture, ash and crude fibre determination followed AOAC [11] methods whilst carbohydrate was determined by difference.
The calorific values in kilo Joule (kJ) were calculated by multiplying the crude fat, protein and carbohydrate by Atwater factors of (kJ) 37, 17 and 17 respectively. Determinations were in duplicate.
Mineral Composition Analysis
The minerals were analysed from the solutions obtained by first dry ashing the samples at 550˚C. The filtered solutions were used to determine Na, K, Mg, Ca, Fe, Cu, Co, Mn, Zn, Pb, Se, Cd and Ni by means of atomic absorption spectrophotometer (Buck Scientific Model −200A/210, Norwalk, Connecticut 06855) and phosphorus was determined colorimetrically by Spectronic 20 (Gallenkamp, UK) using the phosphovanado molybdate method [11] . All chemicals used were of British Drug House (BDH, London, UK) analytical grade. The detection limits for the metals in aqueous solutions had been determined previously using the methods of Varian Techtron [12] . The optimal analytical range was 0.1 -0.5 absorbance units with coefficients of variation from 0.9% -2.21%.
Some calculations were made from the analytical results: 3) Minerals safety index: The minerals safety index (MSI) was calculated [13] for minerals that have relevant standards for such determination. For the present work, MSI for these minerals were calculated: Fe, Ca, P, Mg, Zn, Cu, Se and Na using the formula: 
Statistical Evaluation
Data results in Tables 1-3 were subjected to statistical analyses of Chi-square correlation coefficients (r xy ), regression coefficients (R xy ), coefficients of alienation (C A ), index of forecasting efficiency (IFE), coefficient of determination or variance ( 2 xy r ) as the case may be. Other calculations made were grand mean, standard deviation (SD) and coefficients or variation (CV%). The r xy values were converted to critical Table values to find out if significant differences existed among sample results at r = 0.01 [16] . The C A and IFE values were obtained using the following formulae [17] :
Results and Discussion
The proximate composition and various percentage energy contributions (from fat, protein and carbohydrates) of raw and fried plantains using selected vegeta- The moisture content is very important in life maintenance and its determination is essential for the determination of how the food will be processed and its shelf life. According to Davey [18] , moisture contents have been used as a measure of stability and susceptibility to microbial attack. Considering the three oils E. I. Adeyeye et al. used, lowest moisture level was observed as follows: OPC 3 , 8.20%; VPC 1 , 10.2%; CPC 3 , 9.00%. Generally, the levels of moisture observed in the chips from the oils used were low to allow long shelf life and the fluctuations observed in the trend could be as result of the differences in the heating values of the oils [6] and frying oil type. However, the observed values were comparably lower than values reported for chips fried with carola oil, soya oil (12% -14%) [6] and values recorded for unripe, overripe and ripe plantain peels (13.28% -20.38%) [4] .
The levels of crude proteins both in the raw and fried samples among the selected oils were generally low. The values however, were comparably higher than 3 . Among the samples from the various oils and length of frying, it was shown that the third day frying (second re-use of oil) had the least value in terms of protein contents this may be due to the effects of heating which causes protein to denature or oxidize. The crude fat content in both the raw and fried chips for all the oils were generally fairly low perhaps due to low oil uptake during the frying process [7] . The observed values on the other hand were generally higher than what was reported for some vegetables consumed in Nigeria [19] [20] and peels of plantains [4] . However, when compared to some animal samples, it was observed that the lipid levels of the raw and plantain chips samples were favourably comparable, for instance, male and female Callianassa turnerana (12.3% -13.0%) [21] , and higher in some instances (flesh of male and female Neopetrolisthes maculatus) (4.05% -4.45%) [22] and Callnectes pallidus and Cardisoma armatum (1.65 -2.09%) [23] .
The trends among the oils and frying process were as follows: UPC ≡ OPC 1 > OPC 2 < OPC 3 ; UPC < VPC 1 >VPC 2 < VPC 3 and UPC > CPC 1 < CPC 2 < CPC 3 .
The levels of crude fibre in the present study were generally low. However, the values fell within those reported for selected vegetables consumed in Nigeria (2.75% -6.36%) [19] [20] . Also in accordance with the report of Akindahunsi and Salawu [24] and Anita et al. [25] for P. guineensis and Corchorus olitorius samples respectively. Fibre is essential for the intestinal health and in the prevention of excess cholesterol absorption. Dietary fibres, mainly cellulose and hemicelluloses add bulk to the diet, ease fecal elimination and prevent adsorption of excess starchy diets which protects metabolic conditions against hyper cholesterolemia, diabetes mellitus and other related health conditions [20] .
The ash content is the indicative of the mineral composition of any food sample. According to Adeyeye and Adubiaro [22] moderate level of protein would result into moderate level of crude fat, total ash and low level of carbohydrate. The ash contents in the samples (raw and fried plantains) showed that the samples would contain moderate levels of minerals. Looking at the results, the low values of coefficient of variation percent showed that they were very closely varied. The variation of the results among the different oils used were as follows UPC < OPC 1 < OPC 2 > OPC 3 , UPC > VPC 1 < VPC 2 > VPC 3 and UPC < CPC 1 < CPC 2 > VPC 3 . The carbohydrate levels in the present report were moderately high and were in agreement with values reported for unripe, ripe and over ripe plantain peels [4] but comparably higher than those reported for plantain chips fried with canola and soya oils [6] .
As seen in Table 1 , the various energy contribution as proportion of the total E. I. Adeyeye et al. Journal of Agricultural Chemistry and Environment energy from the raw and fried plantain chips in the various oils had a general trend of PEC% > PEF% > PEP%. Except in VPC 1 with a value of 30.2% for PEF% the rest of the samples fell slightly below the recommended level of 30% [26] and 35% [27] for total fat intake (assuming it serves as the only source of fat in the diet), such is good for people aspiring to adopt the guidelines for a healthy diet [22] . The utilizable energy due to protein (UEDP %) had a value range of 4.82 -5.80 (assuming 60% of protein energy utilization). It is interesting to note that these values were slightly fell below the recommended safe level of 8% for an adult who requires about 55 g protein per day with 60% utilization.
The energy values from the samples were moderately high and favourably comparable to those samples from animal source (flesh of male and female N. maculatus) [22] and comparatively higher than those reported for selected vegetables consumed in Nigeria [19] . The lowest energy was observed in the samples obtained from the second day frying/first re-use of coconut oil (CPC 1 ) (1514 kJ/100g) with the highest being CPC 3 (second re-use of the oil), for the olive oil (OPC), the highest was during the first day frying (1717 kJ/100g) and for the refined palm olein (VPC), the highest energy was observed in the chips obtained from the first day frying (1704 kJ/100g). The following minerals had low concentrations in all the samples and at various levels of frying processes: Fe, Cu, Co, Pb, Se, Cd, Ni, and Mn. Potassium had the highest level among all the samples, followed by phosphorus, magnesium, then calcium and sodium. According to Baiyeri et al. [28] , light green stage of plantain had a relatively high mineral constituent of K, P, Mg and Ca. The variations observed among the various mineral constituents of the samples (for raw and fried products) on the basis of oils used, the mineral levels did not change significantly.
Minerals are considered to be essential in human nutrition and generally, minerals from plant sources are less bioavailable than those from animal sources [29] . The level of minerals recorded in present samples were comparably close to those of unripe, ripe and over ripe plantain peels [4] , Aneilema aequinoctiale, some vegetables consumed in Nigeria [19] [20] . Calcium is one of the most essential macro mineral required by the body for strong teeth and bone and its deficiency is more prevalent than any other mineral. Calcium, phosphorus, and vitamin D help to reduce/eradicate rickets in children and osteomalacia as well as osteoporosis among older people [30] . Magnesium function as an activator of
ATPs requiring enzymes such as hexokinase, phosphatase, alkaline, fructokinase and ademylcyclase. It plays a vital role in the structure and the function of the human body such as the skeletons and muscle [20] . The adult humans require about 25 mg of Mg for normal physiological functions; hence the levels recorded in the present study would meet the requirement safely.
Potassium levels in the present samples were comparable to those observed in
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bush mallow, garden egg leaf, African spinach and Bush okro [20] and values reported by Javed [31] in some selected vegetables grown in Pakistan. Potassium is an intercellular salt that can combine with sodium to influence osmotic pressure and contribute to normal pH equilibrium in the body [30] . It is interesting to note that the levels of Na in all the samples were generally fairly low. Its absorption is considered an important factor in the etiology of hypertension hence, it's fairly low availability in these samples can lower the incidence of hypertension.
Zinc is involved in the normal functioning of immune system and is associated with protein metabolism [32] . Hence, the levels recorded in the present samples would contribute positively to the functioning of immune system and protein metabolism of the consumers. Although the levels of iron were low in the present study, however, they are comparably higher than the values recorded for unripe, ripe and over ripe plantain peels [4] . Iron is essential trace element for haemoglobin formation, normal functioning of central nervous system and in the oxidation of carbohydrate and fats [33] .
Of note, the highest concentration of minerals in these samples are potassium, magnesium, calcium and phosphorus and the result further indicate that these samples (irrespective of the oils used) can contribute significantly to the mineral nutrition of the consumers.
Computed mineral ratios were depicted in Table 3 . Watts [14] , stressed the fact that mineral ratios were considered more important than individual mineral contents. Similar idea was supported by Adeyeye and Adubiaro [22] , that the determination of nutritional interrelationships entails much more than the knowledge of the mineral level alone. Excess intakes, deficiency and aberrations arising from consumption of a food with respect to mineral elements can only be determined from their ratios which stemmed out of their synergistic roles in nutrition.
Essential ratios calculated included Ca/P, Na/K, Ca/K, Zn/Cu, Ca/Mg, Na/Mg and Fe/Cu. The afore-listed ratios unveiled not only the important balance between the elements involved but they also provide information regarding the many possible factors that may be represented by alteration of their synergistic relationship which include disease states, physiological and developmental factors, diets and drug interactions and their effects [14] .
In animals, a Ca/P ratio above 2.0 helps to increase the absorption of calcium in the small intestine. In other words, food is regarded "good" if the ratio Ca/P is greater than 1.0 and "poor" if less than 0.50 [34] . In the present study the level of ideal range. Toxic metal ratios in these results were Fe/Pb, Ca/Pb, Zn/Cd, Fe/Co and K/Co. Their values were comparably higher than the reference balance ideal values [22] . Of note in nutrition is the value of [K/(Ca+Mg)]. The levels in the samples analyzed were all greater than 2.2 which is the reference balance ideal.
This implied that the sample would not cause hypomagnesemia in man.
The mineral safety index (MSI) whose standards were available were calculated and shown in In Tables 5-7 , we have the report of the statistical analysis of the results from Table 1 and Table 2 respectively. In the statistics, these values were high: r xy , 2 xy r , R xy , CV% and IFE. The regression coefficient (R xy ) value was a reflection of the UPC parameters being totally higher in values than the processed (fried plantain); meaning that for every unit increase in the UPC parameter, there was a corresponding increase of regression values in the processed (fried plantain) parameter. For both the UPC and fried plantains in the selected oils used, CV% values were very high showing the high disparity in the overall concentrations of the parameters in the samples. For instance, in Table 5 (statistical analysis of values for the proximate composition) column 1, the r xy was significant at r = 0.01 since r cal = 0.9999 > r Tab = 0.661 at n − 2 df (df = degree of freedom) meaning that significant differences existed in the proximate composition of the samples. The mean values were low at 16.7 (UPC) -16.7 (OPC 1 ) with corresponding Journal of Agricultural Chemistry and Environment low values of standard deviation of 23.2 -23.6. The C A was low at 0.0051% or 0.51% with a corresponding high value for IFE at 0.995% or 99.5%. It is known that the higher the C A , the lower the IFE and vice versa. Whilst CA is the error of prediction of relationship between two samples, the IFE is a reduction in the prediction of error of relationship. This meant that in this report the error of prediction was just 0.51% which could be regarded as low. Hence, the biochemical activities to be carried out by the UPC could also be carried out by the processed (fried plantain, OPC 1 ). Same explanation goes for all the results in the other Tables.
Conclusion
The study showed that the selected vegetable oils (olive, refined palm olein and The results were significantly different at r = 0.01 and the prediction of biochemical relationship was also not difficult since the error of prediction was low at a range between 1.80e−3 -0.609 among all the samples.
